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ABSTRACT
The t o t a l  r e s i s t i v i t y  o f  some AlMn a l l o y s  shows a  
minimum, w h ic h  i s  a t t r i b u t e d  t o  th e  l o c a l i z e d  s p i n  f lu c t u a ­
t i o n  c o n t r ib u t io n .  S e p a r a t io n  o f  th e  e f f e c t s  o f th e  d i f f e r e n t  
s c a t t e r i n g  m echanism s i s  d is c u s s e d .T h e r e  a r e  in d ic a t io n s  t h a t  
a s i m i la r  phenom enon e x i s t s  in  A lC r a l l o y s .
KIVONAT
N éhány AlMn ö t v ö z e t  e le k tr o m o s  e l l e n á l lá s á n a k  a l a ­
c so n y  h ő m é r s é k le te n  minimuma v a n ,  ami a l o k á l i s  s p i n  f l u k t u ­
á c ió k n a k  t u l a j d o n i t h a t ó .  V iz s g á l j u k  a k ü lö n b ö ző  s z ó r á s i  me­
ch an izm u sok  h a tá sá n a k  s z é t v á l a s z t h a t ó s á g á t .  Néhány té n y  a r r a  
u t a l ,  hogy h a s o n ló  j e l e n s é g  l é t e z i k  AlCr ö tv ö z e te k b e n  i s .
РЕЗЮМЕ
Измерен минимум электрического сопротивления у не­
которых сплавов AlMn. который является следствием флуктуа­
ции локализованных спинов. Изучено разделение эффектов раз­
личных механизмов рассеяния. Есть указания, что подобные яв­
ления существуют и в сплавах A lC r .
E l e c t r i c  r e s i s t i v i t y  m easurem ents w ere made in  th e  
tem p er a tu r e  ra n g e  from  12 t o  abou t 60°K on a  number o f  
d i l u t e  AlCu,AlMn and AlCr a l lo y s  c o n t a in in g  th e  r e l a t i v e l y  
h ig h  c o n c e n tr a t io n s  o f  a b o u t 2 0 0 -1 8 0 0 , 5 0 - 5 7 0 0 ,5 0 -4 5 0 0  ppm 
im p u r ity  a tom , r e s p e c t i v e l y .  These c o n c e n tr a t io n s  w ere  
d e te r m in e d  by p o t e n t io m e t r ic  t i t r a t i o n .  To c h e ck  t h a t  th e  
im p u r ity  atom s w ere i n d iv id u a l ly  d i s t r i b u t e d  in  th e  m a tr ix  
th e  r e s id u a l  r e s i s t i v i t y  o f  th e  sa m p les  was m easured a s fu n c ­
t i o n  o f  c o n c e n tr a t io n  a f t e r  a n n e a l in g  a t 6 2 0  K °for an  hour 
f o l lo w in g  by r a p id  c o o l in g  in  a i r .  Q uenching in  w a te r  co u ld  
n o t b e  a p p l ie d  b e c a u se  th e  ceram ic  sam ple h o ld e r  u s e d  in  th e  
e x p e r im e n ts  w ou ld  n o t have w ith s to o d  th e  r a p id  tem p era tu re  
d ro p . The c o n c e n tr a t io n  d ep en d en ce o f  r e s i s t i v i t y  a t  4 ,2  K° 
i s  p l o t t e d  in  F ig .  1 .  A p art from t h e  p o in t  b e lo n g in g  t o  th e  
m ost c o n c e n tr a te d  AlCr a l l o y ,  th e  p o in t s  l a y  on a s t r a i g h t  
l i n e  w ith  a s l o p e  o f  0 ,7 4  yß era f o r  1 at% c o p p e r , 6 ,7 4  yftcm 
f o r  1 at% Mn, and 7»88 yQ cm f o r  1 at% Cr i n  a lu m in iu m . In 
th e  c a l c u l a t i o n  o f  ^  f o r  Cr th e  l a s t  v a lu e  was o m it te d ,
О
b e c a u se  e v id e n t ly  o n ly  a p a r t  o f i t s  nom in al c o n c e n tr a t io n  
v a lu e  can  be c o n s id e r e d  a s  b e in g  i n  tr u e  s o l i d  s o l u t i o n .  I t  
a p p e a r s , t h e r e f o r e ,  th a t  t h e  h e a t tr e a tm e n t  and th e  s p e e d  o f  
c o o l i n g  w ere a d eq u a te  and th a t  w i t h  th e  e x c e p t io n  o f  one 
sam p le  th e  im p u r ity  atoms w ere h om ogen eou sly  d i s t r i b u t e d .
A s ta n d a r d  d . c .  m ethod was used  f o r  th e  e l e c t r i c  
r e s i s t i v i t y  m ea su rem en ts . The sa m p le s  were w ir e s  o f  0 , 8  mm 
d ia m e te r . T em perature was m easured  w ith  a p la t in u m  r e s i s t ­
an ce  therm om eter  s o f t —s o ld e r e d  t o  a  d u p l i c a t e  sam ple f ix e d  
on t h e  h o ld e r  in  th e  same manner a s  th e  t e s t  s a m p le s . Four 
k n if e - e d g e  c o n t a c t s  s e r v e d  as th e  c u r r e n t in p u t  and p o te n ­
t i a l  p ic k - u p .
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F ig .  1
Two t e s t  sa m p le s  were m ounted i n  th e  m easu r in g  equipm ent 
s im u l t a n e o u s ly •
T reatm en t o f  t h e  r e s u l t s  o f r e s i s t i v i t y  m easurem ent i s  usu*  ^
a l l y  a c c o m p lish e d  in  t h e  f o l lo w in g  way: The t o t a l  r e s i s t i v i t y  
o f  an  a l lo y  w i t h  a s i n g l e  " a " -ty p e  im p u r ity  i s
PT = Po  + PT ~ Лт / 1 /
The lo w er  in d e x  d e n o te s  th e  t e m p e r a tu r e , th e  upper one 
r e f e r s  to  th e  c o n c e n t r a t io n ,  i s  t h e  .r e s id u a l  r e s i s t ­
i v i t y  o f  th e  a l l o y ,  a n d  p° t h e  r e s i s t i v i t y  o f  t h e  pure  
m e t a l .
In  t h i s  c a s e  AT may h e  term ed  as " the d e v ia t io n  
from  th e  M a tth ie s s e n  r u l e " .  In  g e n e r a l  t h i s  d e v ia t io n  con­
s i s t s  o f  more th a n  one term ; h ow ever  s e p a r a t io n  o f  th e  con ­
t r i b u t i o n s  o f  d i f f e r e n t  s c a t t e r i n g  m echanism s i s  h a rd  to
- з -
a c h ie v e  e x p e r im e n t a l ly ,  b e c a u se  a t  h ig h e r  te m p e r a tu r e s  th e  
e le c tr o n -p h o n o n  term  i s  s e v e r a l  o r d e rs  o f  m agn itud e g r e a te r  
th a n  th e  d e v ia t io n  term . In  d i l u t e  n on m agn etic  a l l o y s  ex p er ­
im ent g e n e r a l ly  shows t h a t  ДТ > о  and i s  p r o p o r t io n a l  to  th e  
t h i r d  power o f  te m p e r a tu r e . The m agnitude o f  th e  p r o p o r t io n ­
a l i t y  c o e f f i c i e n t  В i s  in d ep en d e n t o f  th e  im p u r ity  s p e c ie s  
D e v ia t io n s  f o r  d i f f e r e n t  cop p er  c o n c e n tr a t io n s  a r e  p l o t t e d  
in  F i g .  2 .  The p r o p o r t io n a l i t y  t o  T  ^ i s  w e l l  o b e y e d , but
a t  h ig h e r  te m p e r a tu r e s  i t  n o t  
o n ly  f l a t t e n s  o f f  b u t  s t a r t s  
t o  d e c r e a s e ,  w h ich  i s  more 
c h a r a c t e r i s t i c  f o r  th e  s m a lle r  
c o n c e n t r a t io n s .  The p ic t u r e  i s  
q u i t e  s i m i la r  in  th e  AIMn c a se  
d is p la y e d  i n  F i g .3 .  A c u b ic  
d ep end en ce ca n  be e s t a b l i s h e d  
w it h  t h i s ,  t o o ,b u t  in  th e  most 
d i l u t e  a l l o y  th e  s t r o n g  de­
c r e a s e  bends th e  o th e r w is e  
l i n e a r  l o g - l o g  p l o t .  The "meas 
ured" At f o r  two more dense  
a l l o y s  o f 0 ,3 2  and 0 ,5 7  at% M 
c o n c e n tr a t io n  a re  p l o t t e d  in  
F i g . 4 .
F or th e  sa k e  o f  com p arison  
th e  d e v ia t io n  from  tw o low er  
c o n c e n tr a t io n  i s  a l s o  p l o t t e d  
h ere  / t r i a n g l e s / .  On th e  b a s i s  o f  F ig .3  one w ould  e x p e c t  
th a t  a  la r g e r  d e v ia t io n  c o r r e sp o n d s  to  a la r g e r  c o n c e n tr a ­
t i o n ,  but h e r e  th e  s i t u a t i o n  i s  o p p o s i t e :  ab ove  3 0 °K th e  
d e v ia t io n  d e c r e a s e s  w ith  c one ei it r a t  io n .
The t o t a l  r e s i s t i v i t y  o f  m ost c o n c e n tr a te d  AIMn a l l o y s  
p a s s e s  th r o u g h  a minimum. T h is b e h a v io u r  i s  a b a s i c  f e a t u r e  
of Kondo s y s t e m s ,  where th e  im p u r ity  atom h a s a c o n s ta n t  
m a g n etic  moment, th e  s u s c e p t i b i l i t y  obeys th e  C u r ie —W eiss 
la w , th e r e  i s  a  maximum in  the s p e c i f i c  h e a t ,  and a  minimum
i s  o b s e r v e d  in  th e  e l e c t r i c a l  
r e s i s t i v i t y .  I n  AIMn a l l o y s  
A oki and O htsuka [1] m easured  
s i g n i f i c a n t l y  en h an ced  P a u l i  
s u s c e p t i b i l i t y  com pared t o  
th e  s u s c e p t i b i l i t y  c a l c u l a t e d  
from  th e  d e n s i t y  o f s t a t e s  in  
o n e - e le c t r o n  a p p r o x im a tio n  
and a l s o  o b s e r v e d  en h an ced  
e l e c t r o n  s p e c i f i c  h e a t s .  For 
th e  /A l-0 ,0 4 -6  at% Mn/ a l l o y  
C a p lin  and R iz u t t o  [2] fou n d  
t h a t  th e  tem p er a tu r e  d ep en d ­
en ce  o f  th e  e l e c t r i c a l  r e s i s t ­
i v i t y  in  th e  r a n g e  1 ,5 —4 ,2  K° 
c o u ld  be d e s c r ib e d  by t h e  
fo r m u la
Рт = p° Í1' ь)
w here P0 d e n o te s  t h e  r e s id u a l  r e s i s t i v i t y  f o r  1 at% 
im p u r ity  c o n c e n tr a t io n  and © = 5 30  + 3 0  K °.
The a u th o r s  e x p la in e d  t h e i r  r e s u l t s  on t h e  b a s is  o f  th e  
l o c a l i z e d  s p i n  f l u c t u a t i o n  c o n c e p t  as shown: by R iv ie r  
and Zuckerm an. [33 T h is  th e o r y  p r e d ic t s  an in c r e a s e  o f  th e  
d e n s i t y  o f  s t a t e  and a  r e d u c t io n  o f  th e  r e s i s t i v i t y  c o n tr ib  
t i o n  w ith  te m p e r a tu r e . P u t t in g  t h e  e m p ir ic a l  r e s u l t  / 2 /  i n t  
/ 1 /  i t  can b e  s e e n  t h a t  th e  m easu red  d e v ia t io n  i s
23 TД_ , = Вт -  -Ц-T m ea su red  о 2^.
The minimum i s  d e te r m in e d  by t h e  c o m p e t i t io n  o f  t h e s e  two 
t e r m s . The c a l c u l a t e d  v a lu e s  o f  th e  s p in  f l u c t u a t i o n  c o n t r i  
b u t io n  are  p l o t t e d  i n  F i g .  4 .  w i t h  t h in  d a sh ed  c u r v e s .  
A round 12 K° t h e  f i r s t  term  can  be n e g le c t e d  / i t  i s  about 
one o rd er  o f  m agn itud e s m a l le r  th a n  th e  s p i n  f l u c t u a t i o n  
t e r m / ,  and th u s  th e  m easu red  d a ta  f o r  th e  s p in  f l u c t u a t i o n
/ 2 /

6c o n t r ib u t io n  a g r e e  w e l l  w ith , th e  c a lc u l a t e d  v a l u e s .
In  o rd er  t o  s e p a r a te  th e  p r o c e s s e s  more e x a c t l y ,  
th e  p r e s e n t  m easurem ents w i l l  he e x te n d e d  t o  2 K° in  th e  
n e x t  f u t u r e .  As f a r  as th e  c o n s id e r a t io n  o f  th e  term  BT  ^
i s  co n c er n e d  th e  s i t u a t i o n  i s  made more d i f f i c u l t  by th e  
u n c e r ta in  e x t r a p o la t io n  o f  В v a lu e s  tow ards h ig h e r  c o n c e n t­
r a t i o n s ,  and s e c o n d ly  by th e  f a c t  t h a t  th e  h ig h -te m p e r a tu r e  
l i m i t  o f  e x a c t  c u b ic  d ep end en ce -  a t  l e a s t  a c c o r d in g  to  th e  
p r e s e n t  m easurem ents -  i s  n o t  g r e a te r  th a n  30 K °. Some 
c a lc u l a t e d  v a lu e s  o f  c o e f f i c i e n t  В a r e  p l o t t e d  as a  fu n c ­
t i o n  o f  lo g a r ith m  o f  r e s id u a l  r e s i s t i v i t y  /  'v lo g  c o n c e n tr a ­
t i o n /  f o r  t h i s  tem p era tu re  i n t e r v a l  in  F ig .  5« The e r r o r s  
d e n o t in g  th e  m axim al and m in im al s lo p e  o f  th e  l i n e s  i n  th e  
Дт v e r s u s  T  ^ p l o t  w ere d e term in ed  from  th e  s c a t t e r i n g  o f  
th e  d a ta .
F ig .  6 shows th e  r e s u l t  f o r  AlCr a l l o y s .  The 
i n i t i a l  c u b ic  d ep end en ce h o ld s  w e l l  and i t  i s  p o s s i b l e  to  
draw th e  d e v ia t io n  f o r  e v e n  th e  l a r g e s t  c o n c e n tr a t io n  on a 
l o g - l o g  p l o t .
-  7 -
I
I
Owing t o  th e  h ig h e r  9 o f  
t h i s  sy s te m  th e r e  i s  a  s m a l le r  
q u a d r a t ic  term  in  r e s i s t i v i t y ,  
a lth o u g h  t h i s  i s  n o t i c e a b le  
o n ly  w here th e  m onotonous 
in c r e a s e  o f  d e v ia t io n  c e a s e s  a t  
0 ,2 3  at% Cr c o n c e n tr a t io n ;  
a lm o st  th e  same d e v ia t io n  i s  
fou n d  a t  ab ou t tw ic e  t h i s  
c o n c e n tr a t io n ,  around 0 ,4  at% 
C r. The s o l u b i l i t y  l i m i t  i s  
s m a l le r  f o r  Cr in  A1 th a n  f o r  
Mn, and i t  i s  v e r y  l i k e l y  t h a t  
th e  minimum can o n ly  be ob­
s e r v e d  a t  much lo w e r  tem p er­
a tu r e s .  A p lo t  o f  t h e  В v a lu e s  
f o r  AlCr and AlCu can  be s e e n  
in  F ig .  7 .  With Cr th e r e  i s  a
20 30 40 SO 60
If  MPfc'WAUIPf T(K°)
p i g -  6
s m a ll  d e v ia t io n  from  th e  p r e d ic t e d  l i n e a r  d ep end en ce on th e  
lo g a r ith m  o f  c o n c e n t r a t io n ,  w h ile  f o r  th e  AlCu sy s te m  th e  
aggreem en t i s  g o o d .
I F i g .  7
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